The control of morphogen signalling: regulation of the synthesis and catabolism of retinoic acid in the developing embryo.
We consider here how morphogenetic signals involving retinoic acid (RA) are switched on and off in the light of positive and negative feedback controls which operate in other embryonic signalling systems. Switching on the RA signal involves the synthetic retinaldehyde dehydrogenase (RALDH) enzymes and it is currently thought that switching off the RA signal involves the CYP26 enzymes which catabolise RA. We have tested whether these enzymes are regulated by the presence or absence of all-trans-RA using the vitamin A-deficient quail model system and the application of excess retinoids on beads to various locations within the embryo. The Raldhs are unaffected either by the absence or presence of excess RA, whereas the Cyps are strongly affected. In the absence of RA some, but not all domains of Cyp26A1, Cyp26B1 and Cyp26C1 are down-regulated, in particular the spinal cord (Cyp26A1), the heart and developing vasculature (Cyp26B1) and the rhombomeres (Cyp26C1). In the presence of excess RA, the Cyps show a differential regulation-Cyp26A1 and Cyp26B1 are up-regulated whereas Cyp26C1 is down-regulated. We tested whether the Cyp products have a similar influence on these genes and indeed 4-oxo-RA, 4-OH-RA and 5,6-epoxy-RA do. Furthermore, these 3 metabolites are biologically active in that they fully rescue the vitamin A-deficient quail embryo. Finally, by using retinoic acid receptor selective agonists we show that these compounds regulate the Cyps through the RARalpha receptor. These results are discussed with regard to positive and negative feedback controls in developing systems.